EPA- 230- 12- 85- 021
Sept enber 1985

MVETHODS DEVELOPMVENT FOR ENVI RONVENTAL
CONTRCOL BENEFI TS ASSESSMENT

Vol une 111

FI'VE STUDIES ON NON- MVARKET VALUATI ON TECHNI QUES

by

David S. Brookshire, WIIliam D. Schulze, Ralph C d'Arge
Thomas D. Crocker and Shel by GCerKking
Uni versity of Wom ng
Laram e, Wom ng 82071

Mark A. Thayer
San Diego State University
San Diego, California 92182

USEPA G ant # R805059-01-0

Project Oficer

Dr. Alan Carlin
Ofice of Policy Analysis
Ofice of Policy, Planning and Eval uation
Us. Environnental Protection Agency
Washi ngton, D.C. 20460

CFFI CE OF POLICY ANALYSI S
CFFI CE OF PQLI CY, PLANNI NG AND EVALUATI ON
Us. ENVI RONMENTAL PROTECTI ON AGENCY
WASHI NGTON, D.C. 20460
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Volume 1, Measuring the Benefits of Clean Air and Water, EPA-230-12-85-0109.

This volunme is a nontechnical report summarizing recent research for EPA on
net hods devel opment for better estimates of econom ¢ benefits from environmental
i nprovement. The report 'presents the basic econanic concepts and research methods
underlying benefits estimation as well as a nunber of case studies, including
several fran other volunes of this series. Finally, it offers insights regarding
the quantitative benefits of environmental improvement.

Volume 2, Six Studies of Health Benefits from Air Pollution Control, EPA-230-
12-85-020.

This volume contains six statistical epidemology studies. They show that
| arge associations between health and current levels of air pollution are not
robust With respect to the statistical model specification either for nortality
or morbidity. They also find that significant relationships, mostly small, oc-
casionally appear.

Volume 4, Measuring the Benefits of Air Quality Changes in the San Francisco
Bay Area: Property Value and Contingent Valuation Studles, EPA-230-12-85-022.

This volume replicates a property val ue study conducted in the Los Angel es
Basin for the San Francisco Bay area. A taxonony series of air quality types
and socioeconanic typoligies are defined for cities in the area to exam ne how
property values vary with pollution levels. The contingent valuation nethod
surveys individuals, directly asking their willingness to pay for changes in
air quality. The survey nethod yields benefit values that are about half the
property val ue benefits in both the Bay area and Los Angel es.

Vol ume 5, Measuring Househol d Soiling Damages from Suspended Particul ate:
A Met hodol ogical Inquiry, EPA 230-12-85-023.

This volume estimates the benefits of reducing particulate matter |evels
by exam ning the reduced costs of household cleaning. The anal ysis considers
the reduced frequency of cleaning for households that clean thenselves or hire
a cleaning service. These estinmates were campared With willingness to pay
estimates for total elimnation of air pollutants in several US. cities.

The report concludes that the willingness-to-pay approach to estimate parti-
cul ate-rel ated househol d soiling damages is not feasible.

Volume 6, The Value of Air Pollution Damages to Agricultural Activities in
Southern California, EPA-230-12-85-024.

Thi s volume contains three papers that address the econamic inplications
of air pollution-induced output, input pricing, cropping, and |ocation pat-
tern adjustnents for Southern California agriculture. The first paper esti-
mates the economic losses to fourteen highly valued vegetable and field crops
due to pollution. The second estimtes earnings losses to field workers ex-

posed to oxidants. The |ast uses an econonetric model to measure the reduction
of econamic surpluses in Southern California due to oxidants.



due to pollution. The second estimtes earnings losses to field workers ex-
posed to oxidants. The last uses an econometric model to neasure the reduction
of econamic surpluses in Southern California due to oxidants.

Vol une 7, Methods Development for Assessing Acid Deposition Control Benefits,
EPA~-230-12-85-025. .

This volunme suggests types of natural science research that would be nost
useful to the economist faced with the task of assessing the econonic benefits
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ment of a resource allocation process framework for explaining the behavior of
ecosystems that can be integrated into a benefit/cost analysis, addressing
diversity and stability.

Vol ume 8, The Benefits of Preserving Visibility in the National Parklands of the
Sout hwest, EPA-230- 12- 85- 026.

Thi s vol une examines the willingness-to-pay responses of individuals surveyed in
several US. cities for visibility inprovenents or preservation in several Nation-
al Parks. The respondents were asked to state their willingness to pay in the
formof higher utility bills to prevent visibility deterioration. The sanpled
responses were extrapolated to the entire U S to estimate the national benefits
of visibility preservation.

Vol une 9, Evaluation of Decision Mdels for Environnental Management, EPA-230-
12- 85-027.

This vol ume discusses how EPA can use decision nodels to achieve the praoper role
of the government in a nmarket econamy. The report recannmends three models usef ul
for environnental managenent with a foaus on those that allow for a consideration
of all tradeoffs.

Vol ume 10, Executive Summary, EPA-230-12-85-028.

Thi s volume summarizes the methodol ogi cal and enpirical findings of the series.
The concensus of the empirical reports is the benefits of air pollution control ap-
pear to be sufficient to warrant current ambient air quality standards. The report
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FOREWORD

This volume is one of the reports prepared by research institutions under
cooperative agreements with the Econom ¢ Research Program of the united states
Environnmental protection Agency (EPA). The purpose of the Program is to carry
out econom ¢ research that will assist EPA in carrying out its mission. Until
very recently, nost research sponsored by the Program sought to improve t he
methods and data available for determining the economic benefits of pollution
control, thereby assisting EPA and other Federal Agencies responsible for
preparing benefit-cost anal yses of prograns and regul ati ons. Such benefit-
wst anal yses are required as part of the Regul atory Impact Anal yses mandated
for most major Federal regulations by Executive Order 12291. The availability
of inmproved nethods and data wi Il make it possible for EPA and ot her Agencies
todeterm ne nore accurately the econonic efficiency of their regulations and
programs. Very recently, the scope of the Program has been expanded to in-
clude a broader range of research on increasing the economc efficiency of
pol lution control.

The Economi ¢ Research Program was a part of the Ofice of Research and
Devel opnent (ORD) until early 1983, when it was transferred to what is now the
O f ice of Policy, Planning and Evaluation. The tive agreements under
whi ch this volune was prepared were concluded while %he Program was still in
ORD; accordingly, ORD's important contribution shoul d be recognized.

This volume is one of a series under the title Methods Devel opnent for
Environnental Control Benefits Assessment prepared mainly under cocperative
agreenent R805059 with the University of Womi ng, although several of the
i ndi vidual volumes were conpleted under |ater cooperative agreenents or under
subagreements wWith other institutions. Each of the other volumes in the series
is listed on the f rent and back inside covers of this volume. The overall
purpose of the series is to report significant research results achi eved under
the tive agreement. The purpose of the agreenment was to develop im
proved methods for assessing environnental benefits, with enphasis on air
pol lution benefits. An earlier series of interim reports prepared under the
same cooperative agreenent was published by EPA in 1979 under the series title
of Met hods Devel opnent for Assessing Air Pollution Control Benefits with
report numbers EPA-600/5-79-00la t hrough 00Ole.

This volume contains five analytical and enpirical studies of alternative
techni ques for wvaluing goods that are not marketed, w th enphasis on sone of
the difficulties with using benefit-cost techniques in analyses of air pollu-
tion control prograns and measures. These studies are important to EPA be-
cause of the inmportance of determ ning the econom c benefits of air (and
other) pollution control programs and measures and the present difficulties of
doing so. Only by solving these cliff iculties can EPA make reliable benefit-
cost estimates of the many benefits of its programs and regul ations which are
not goods sold in markets.

Al an Carlin

Of ice of Policy, Planning
and Evaluation
Washington, D.C.



ADS TRACT

This volune presents anal ytical and enpirical conparisons of alternative
techniques for the valuation of nonmarketed goods. The nethodol ogical base of
the survey approach--directly asking individuals to reveal their preferences
in a structural hypothetical nmarket--is examned for bias, replication and
validation characteristics. Upon finding in an experiment in the South Coast
Air Basin that the survey approach does not appear to be bias ridden
satisfies some replication tests and was crossvalidated by the property value
hedonic technique, a sinplified benefit-cost analysis was conducted. The
results inply that anbient air quality standards in the South Coast Air Basin
are probably econonmically justified, though uncertainty concerning the benefit
and cost calculations exists. To provide a third basis for conparison, the
wage- - hedoni ¢ technique--where it is assumed that higher wages nust be paid,
everything el se hel d equal, to induce people to live in polluted comunities,
was inplemented on a trial basis for the Standard Metropolitan Statistica
Areas of Denver and Ceveland. The purpose was to explore if a relative |ow
cost technique could be utilized in achieving a national benefit estimte
Gven the research presented in this volune, it appears the three techniques
could be utilized in constructor.g a national benefit estimate.
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CHAPTER 1

| NTRODUCTI ON

Benefit-cost analysis is a well established node of applied econonics
extensively used for the evaluation of public investment projects and nost
recently environmental policies. This volume deals with some of the specia
difficulties in the use of benefit-cost analyses in prograns designed to
preserve or maintain air resources. The specific task is to estimate the
benefits associated with alternative levels of air quality. If benefit-cost
analysis is to be enployed for decisionnmaking, techniques need to be devised
to inpute economic values for changes in the quality of air resources.

Two approaches have been proposed for neasuring the value of non-market
goods . The nost widely accepted approach has been the use of hedonic prices,
where it is assumed, for exanple, that either wages or housing values reflect
spatial differences in the quality of air resources. Alternatively, using
survey techniques, one may directly ask households or individuals to state
their willingness to pay for alternative levels of visibility. The necessity
for an alternative approch, to the hedonic, lies in the spatial nature of air
resources. In a well devel oped housing market, the hedonic approach is
appropriate. However, consider the case of a remote and unique scenic vista,
valuable to recreators, which is threatened by air pollution froma proposed
coal fired power plant, a typical situation in the western United States.
Although it is possible, in principle, to inpute the value of clean air and
visibility fromthe relative decline in local visitation which mght follow
construction of a power plant, information on the value of visibility at the
site is needed prior to construction for socially optimal decisionmaking. The
hedoni ¢ approach is unavail able both because the scarcity of |ocal popul ation
makes use of wage or property value data inpossible and because scenic vistas
may thensel ves be unique

The enpirical inplenentation of the survey approach, however, raised
questions of bias, replicability, validation by other techniques, and appro-
priateness for benefit-cost analysis given the hypothetical nature of the
technique. Before incorporation of survey approach results into benefit-cost
anal ysis these questions require answers. Accordingly, the chapters that



follow address the follow ng topical areas.

In Chapter 2--Valuing Environmental Commodities: Some Recent
Experinents, we evaluate the results of six recent experinents which have
utilized the survey approach for estimating a nonmarket attribute associated
with the environnent. Were possible, the issue of replication of results is
addressed. The range 'of environmental attributes valued in the six
experinents was quite large--noise, wildlife, strip mning, and visibility
Four out of six attenpted some internal nethodological cross check. Biases,
within the survey approach, do not appear to be an overriding problem
However, the studies indicate the need to establish a precise narket,
hypot hetical in nature, for the survey approach to be useful

In Chapter 3--Valuing Public Goods: A Comparison of Survey and Hedonic
Approaches, we take up the central issue of validating the survey approach
Al'though the results of Chapter 2 suggest the survey approach is internally
consistent, replicable and consistent with demand theory, no externa
val i dation had been undertaken whereby a conparative anal ysis using another
approach independent of the survey had been conducted. Thus , the purpose of
this chapter is to report on an experinent designed to validate the survey
approach by direct conparison to a hedonic property val ue study.

The Los Angel es metropolitan area was chosen for the experinent due to
the well defined air pollution problemand because of the existence of
detailed property value data. Twelve census tracts were chosen for sanpling
wherein 290 househol d interviews were conducted during March, 1978.
Respondents were asked to provide their wllingness to pay for an inprovenent
inair quality at their current location. Ar quality was defined as poor
fair, or good based both on maps of the region (the pollution gradient across
the Los Angel es Metropolitan Area is both well defined and well understood by
| ocal residents) and on photographs of a distant vista representative of the
differing air quality levels. Households in poor air quality areas were asked
to value an inprovenent to fair air quality while those in fair areas were
asked to value an inprovenent to good air quality. Households in good air
quality areas were asked their wllingness to pay for a region-w de
i mprovement in air quality.

For conparison to the survey responses, data was obtained on 634 single
fam |y hones sal es which occurred between January, 1977, and March, 1978,
exclusively in the twelve comunities used for the survey anal ysis.
Househol ds, in theory, will choose to locate along a pollution-rent gradient,
paying nore for hones in clean air areas based on inconme and tastes. However,
ceteris paribus, we show that the annualized cost difference between hones in
two different air quality areas (the rent differential for pollution) will in




theory exceed the annual wllingness to pay for an equival ent inprovement in
air quality for a household in the lower air quality area. Thus, the rent
differential associated with air quality inprovenent from hedonic analysis of
the property value data nmust exceed estimates of household willingness to pay
for the survey responses, if the survey responses are a valid neasure of the
value of air quality inprovements. The theoretical model described predicts
t hat survey responses will be bounded below by zero and above by rent
differentials derived from the estimated hedonic rent gradient. The enpirica
results do not allow the rejection of either of the two hypotheses, thereby
provi ding evidence towards the validity of survey nethods as a means of
determning the value of nonmarket goods

In Chapter 4--The Advantage of Contingent Valuation Methods for Benefit-
Cost Analysis, we address why the survey approach is especially useful in pro-
viding information to be utilized in environmental decisions. The chapter is
taxonom ¢ in nature discussing why survey nethods may often be a superior
nmeans of generating data with which to value nonmarket goods. Specifically
the issue of the hypothetical nature of the survey technique is addressed. W
argue that within the constructs of economc theory, it is wong to view
hypot heti cal responses as fictional, and that the survey approach is quite
often the only technique which can address future events w thout going through
the costly exercise of actually constructing a market.

Chapter 5--An Exanmination of Benefits and Costs of Mobile Source Contro
Consi stent with Achievenent of Anbient Standards in the South Coast Air Basin
is an exam nation of the benefits and costs of the national anbient air
qual ity standards as applied to all portions of Los Angeles, Orange, Riverside
and San Bernardino Counties in southern California. The results set forth are
based on the qualified arguments presented in Chapters 24 suggesting that both
the survey approach and property val ue approach are valid techniques of
benefit-cost analysis. Based upon modeling contained in the region’s
Air Quality Minagenent Plan, achievement of the ambient standards in 1979
woul d require em ssion reductions of the 974 tons/day, 5963 tons/day and 503
tons/day of reactive hydrocarbons, carbon nonoxi de and nitrogen oxides. It is
the share of these enmission reductions attributable to on-road nobile source
control which was evaluated using benefit-cost analysis.

Benefits were cal cul ated through an exam nation of housing value differ-
entials attributed to air quality (see Chapter 4). Achieving the anmbient air
qual ity standards was consistent with inproving the “fair” and “poor” air
quality regions to the “good” category as specified in Chapter 3. In effect,
this constituted an approximate 30 percent inprovenent in the fair areas and a
45 percent inprovenent in the poor air quality areas. Corresponding benefits
were estimated to fall between 1.6 and 3.0 billion dollars per year



i ndependent of any benefits accruing to agriculture and ecosystens. The share
of these benefits associated with on-road nobile source control was estimted

to be 1.362.55 billion dollars.

Cost estimates were devel oped fromexisting data sources, prinarily from
manuf act urer statenents and governnent publications. Gven the variation in
control cost options and the uncertain nature of the cost figures, it was
found that on-road nobile source controls consistent with a policy sufficient
to achieve the anbient standards in 1979 woul d involve a cost of between .61
and 1.32 billion dollars, with a best estimate of 1.02 billion dollars.

The benefits fromon-road mobile em ssions reductions consistent with
satisfying the anbient standards are of the sane order of magnitude as the
cost estimates. This inplies that the anbient air quality standards are not
wi t hout sone economic justification, though the uncertainty concerning the
benefit and cost cal cul ations prevents one fromaccepting the controls
outright. However, on-road nobile controls consistent with the air quality
standards cannot be rejected as economically inefficient either. Therefore,
al though the mid-range benefit estimte exceeds the md-range cost estimate,
the situation is best characterized as highly uncertain. Further, the static
anal ysi s perfornmed does not answer significant questions concerning the
behavior of the benefit and cost functions over time. Stronger statements
could only be made in the context of a much nore detailed anal ysis supported
by a solid cost data base

In Chapter 6--Effects of Air Pollution and Qther Environmental Variables
on Ofered Wages--we report on sone exploratory estimtes of the effect of
changes in air pollution levels on offered wage rates. This approach is
appropriate for a national benefits study where it is assumed that higher
wages nust be paid, everything el se held equal, to induce people to live in
pol luted communities.

Annual benefit estinmates frompollution abatenent in the two cities are
positive according to the calculations nmade here. For Denver, meeting the
national secondary standards for TSP results in a reduction in the offered
real wage, from $4.1758/hr. to $3.9626/hr. Miltiplying this difference of
$.2136/hr. by the nunber of persons affected times 2000 hours yields an esti-
mated annual benefit for Denver of $92,968,935. A sinilar calculation for
Clevel and reveal s that neeting the national secondary air quality standards
causes the real wage to fall from $3.8756/hr. to $3.7693/hr. inplying a
benefit of $81,360,489. Note that benefits per household head in the two
cities are $426.35 for Denver and $212.60 for Cleveland. This prelininary
research suggests the wage hedonic technique is viable for estimating air
pol lution control benefits for standard metropolitan areas across the nation




A national benefit estimate for air pollution control based on consumer
perceptions as reflected in wages and property val ues appears possible.
Further, the use of the survey approach to assess the val ue of perceived

benefits, such as visibility inprovements, not captured by wages and property
val ues appears feasible.



Chapter 2

VALUI NG ENVI RONMVENTAL COMWODI Tl ES: SOVE RECENT EXPERI MENTS

| NTRODUCTI ON

During the past few years, econonists have been attenpting to apply a
variety of techniques to reveal preferences of individuals on nonmarket
envi ronmental comodities [Bradford (1970); Bohm (1971); Randall, et al
(1974a); Brookshire, et al. (1976)]. These techniques, in general follow ng
Davis (1963), have attenpted through a set of questions to obtain bids from
i ndi vi dual s which would represent their maxinmumwllingness to pay for a non-
market commodity. Al nost sinultaneously, other econom sts have nade sub-
stantial contributions to conceptually assessing the demand for nonnarket
comodi ties and public goods [Rosen (1974); Muellbauer (1974); Hori (1975)].
The consuner of nonnmarket commodities in these studies is viewed as a utility
maxi m zer who conbi nes purchase of private goods (and use of public goods),
constrained by a household technol ogy, to produce a set of desired character-
istics [Lancaster (1966)]. Gven this basic structure, nethods were suggested
for calculating inplicit prices for the household characteristics and non-
mar ket goods used or produced by the consunmer [Hori (1975)]. This paper is an
assessnent of six recent experinments which have attenpted to reveal prefer-
ences for environmental goods, where each experinent in sone way utilized a
m x of both the techniques and the theory of demand for nomnmarket commoditi es.
Each experinent was designed to estimate a nonmarket attribute associated with
the environnent and al so anal yze potential biases in the techniques enployed.
In order to evaluate these studies, a rather general nodel of the consumer
behavior is proposed. Potential biases are then discussed for various nethods
used to discover environmental preferences. Following this, the six
experinents are exam ned on the basis of their nethodol ogical structure and
types of biases encountered. \Were possible, the issue of replication of
results is addressed. In this paper, we do not attenpt to evaluate all types
of environnental effects or possible ways of neasuring them Rather, a
limited set of possibilities is examned both as to technique and type of
effect.

Many environmental policy issues involve changes in environnenta



attributes resulting from popul ation growth and energy devel opment.  For
exanpl e, operation of coal fired electric power plants may significantly
reduce visibility and disturb [ andscapes in addition to inducing possible
health effects. Strip mning coal may have substantial detrinental effects on
wildlife populations in addition to the expanded demand for wildlife arising
froma larger local population. The construction of geothernmal plants

adj acent to existing forest recreation areas may, through siting and noi se,
disturb an otherwise pristine, quiet recreation area. Essentially,
recreational use and benefits would be changed by these devel opments but there
are no existing markets to adequately price the changes. Sinmlarity,

popul ation growh in sone urban areas has caused significant problenms with
photochemical air pollution. |f benefit-cost analysis is to be enmployed for
decisionmaking, techniques need to be devised to inpute economc values for
these and other environmental changes. The six experinents evaluated here are
tests to deternmine the feasibility of deriving inplicit prices and/or
valuations for the types of changes mentioned above.

The techniques to be exanmined range from purely hypothetical direct
eval uations asking for dollar bids to hypothetical questions asked of house-
hol ds and recreators concerning changes in behavior to enable the inputing of
their preferences. In each case, the household was confronted with a possible
change in an environmental attribute and asked for a valuation. Since the
val uation was contingent on the specific hypothetical change identified
(through phot ographs, brochures and ot her ans), We propose that such
approaches be called contingent valuations. I ndividuals can be queried as to
wi | l'ingness to pay, mninum conpensation, evasive behavior, past experiences,
current experiences, potential site or activity substitutions, potentia
expendi ture adjustnents, inconme conpensation coupled with potential behaviora
adj ustnents, etc. which can be utilized with appropriate theoretica
structures to estimate demand curves for environnmental attributes.

In sone of the experiments, the househol d val ued the change in environ-
mental attribute directly by bidding for alternative provision |evels [Brook-
shire, et al. (1976)]. In others, the individual was not only asked to bid,
but al so provide information on behavioral adjustnents and sale of the
environmental attribute [Randall, et al. (1974a); Rowe, et al. (1980);
Brookshire, et al. (1980)].

To obtain accurate information for individual valuation of nonmarket
environnental commdities can be costly. In many cases to actually derive
true values, a “market” nust be set in a place where one did not exist and
operated to record prices and demands where the environnental attribute is
actual ly purchased or sold. However, to construct and operate such a market
may be extremely costly, especially if there are irreversibilities associated



with its operation. A less costly approach is to use a contingent valuation
study where prices can be inputed without the actual operation of an organized
market, but a hypothetical market is structured. However, because of its
hypot hetical nature, several potential biases may occur. The major types of

bi ases are: (1) strategic bias whereby the individual may attenpt to in-
fluence the outcome or result by not responding truthfully; (2) information
bias, which is a poteitial set of biases induced by lack of, or type of,
information given to the consumer in the contingent market; (3) instrunent
bias, which is bias introduced by the process or procedures enployed to dis-
cover preferences; (4) hypothetical bias, which is the potential error induced
by not confronting the individual with an actual situation, i.e., an organized
narke% with well-defined prices; or sanpling, interview or nonrespondent

bi as. Clearly, asking soneone what they will do or pay a priori is not the
sane as confronting themwith a recognized and wel | -understood market and
observing what they actually pay. It is nore anal ogous to the individua
maki ng decisions on contingent events, e.g. , if air quality deteriorates, I

will nmove to a cleaner comunity. O the list of studies summarized herein,
the list directly conpares a contingent valuation study with a nore
traditional property value study to assess the magnitude of these potentia

bi ases and attenpts to resolve the actual versus hypothetical payment question
[ Brookshire, d'Arge, Schulze, and Thayer (forthcom ng(d))].

A THEORETI CAL FRAMEWORK FOR VALUI NG ENVI RONMENTAL AMENI TI ES

The variety of enpirical approaches used to value environmental aneni-
ties, whether exam ning contingent or actual behavior or market prices, have
typically been based on a particular ad hoc theoretical structure. This
section attenpts to provide a conmon theoretical basis for the variety of
approaches outlined earlier and serve as a focus in evaluating the six
experinments presented in later sections. Both Freeman (1979a,b) and Maler
(1974) have also exanined available approaches from a consistent theoretica
perspective.

A general nodeling structure nust include the possibility of consuner
substitution across activities and |ocations; and must include site or ac-
tivity specific levels of environmental quality. Individual utility is thus
specified as a function of levels of activities, A, . . ., A,. . ., A; as
a function of a conposite comodity X “unaffectedLby activi%y specificn
environmental quality; and (where the subscripts denote different activities)
as a function of environmental quality for each activity, Q,.. o, QL
., Q, where we take increases in Q, as increasing environmental quality
Note we can al |l ow possibly differen% environmental quality levels both by
varying Q, for a specific activity A which can occur over many sites or by
defining a site specific activity in'which case different Q’'s are associated



with different sites. UWility is then a quasiconcave function,
UGA, - - AR L L, QB (1)

where 3U/3A, = Ui>0 au/3Q. = U, >0 and 3U/3X —LJ>0 so utility is increasing
in A, Q, ind X. O courde, a 'sumptions on the separabl lity of U are
obvi-ous, given that environmental quality is related to specific activities in
the nodel . However, we do not pursue that issue here. Rather, we focus on
the formof an |nd|V|duaI s marginal wllingness to pay for environmenta

quallty

The budget constraint necessary to specify the consumer’s optim zation
problemis given as:

Y-y Pa -X>0 (2)

n

or income Y mnus the sum of expenditures on activities z PA. (Pistaken
i=] 1’

as the price of activity i which may, in fact, represent JOlnt consumption of

several market commodities; for exanple, activities m ght include driving to

work, recreating, shopping, etc.) minus expenditures for the conposite

consunption commodity X (price for X is taken as unity to sinplify the

anal ysis) must be nonnegative.

For a given vector of environmental quality, the household will then
choose to allocate activities such that (1) is maximzed subject to (2) which
in turn inplies that:

el o

i
<P, (A -Pi) -Ai=o,A130 1=1,2, . . .,n (3)
%

C!lC.‘
>

or the marginal rate of substitution between activity i and the conposite
commodity X equals the price of activity i, if that activity is chosen (ﬁ >
0. W, of course, assune X > 0.

To determine the marginal willingness to pay for environnental quality
for a particular activity, for exanple i = 1, we set utility as given in
equation (1) equal to a constant and totally differentiate the resulting
expression. By then taking the total differential of equation (2), setting
in = 0 for all i # 1, dPi = Ofor all i, and by using (3) we obtain



Ul

Q=-4dr (4)

Ux dQl

as the change ig i ncone necessary to offset a change in environmental quality
for activity 1. If the objecti'T is to determine the marginal wllingness to
pay for environmental quality (U /0 ), one obvious approach is to sinply
postulate in a survey'questionnaf%exthat Q, increases by a small anount dq _.
where market prices are hypothetically hel d constant, and request information
on the contingent willingness of the individual to give up incone for an
increase in quality (so dY would be negative in this case). This direct
approach, however, is open to questions of bhias, a topic we take up in nore
detail later.

A second approach is to actually assume that prices of activities do not
change in response to a change in environmental quality. For many recreation
situations this may well be a reasonable approximation. For exanple, if an
energy devel opment such as a power plant disrupts a recreation site,
recreators may respond by driving further to other alternative sites. [If no
entrance fees are enployed or if such fees are institutionally fixed, if
driving costs--the price of gasoline, etc. --and prices of recreation equipnment
do not change, then the assunption that dp, = O for all i appears to be a good
one. In that case the marginal willingnesé to pay can be deternined by again
setting utility in equation (1) equal to a constant and totally
differentiating the resulting expression, by using equation (3) and by

assum ng in = 0 for all i # 1 and that d% = O for all i, to obtain:
1 n
Jo- -y B (5
Y, =1 9 9

Wiere prices are known, an estimate of the value of environnental quality can
then be obtained empirically by collecting data on da /dQ., the conpensated
change in the pattern of, for exanple, recreation activit ®s in response to a
change in quality, and on dX/dQ_, the conpensated change in expenditures not
related to recreation activities. Note that here we assunme Q, istiedto a
specific recreation site. O course, the change in environnental quality can
be hypothetical, resulting in contingent changes in activities, or actua
crosssectional Or time series data can be enployed where environmental quality
varies over space or time. In any case, all studies to date focusing on
substitution of activities or commodities in response to changes in

environmental quality that we are aware of have assumed prices to be fixed.

In contrast to the above approaches, the hedonic approach, focusing on
price effects of changes in environnental quality, assunes that Pl,the price
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associated with A_ and in turn Q. varies, but that all other prices still
remain fixed. This, again assuming utility is constant and by totally
differentiating equations (1) and (2) where dPi/dQl = Ofor all i # 1, using

(3), we obtain

1
Y =a (6)
UX

where we al so assume dY = O since conpensation is achieved at the margin
through the hedonic price gradient, dpP do_. Thus , individuals are conpen-

. 1 .
sated for lower |evels of enV|ronnents} quality by a lower price. As an
exanpl e of this approach, consider a study which uses differences in property
values to value air quality. Serious questions nmust be raised concerning the
reality of the assunptions that other prices remain unchanged in response to
differences in air quality. For exanmple, if wages or golf fees vary with air
quality levels, property values may not fully capture the willingness to pay
for air quality. Note that in this case we assune that Q1 i's environmenta
quality associated with an activity or activities.

In sumary, the marginal willingness to pay of consuners for environ-
mental quality can be determned as shown in our theoretical context by three
approaches.  First, consumers can be directly asked to provide their margina
willingness to pay, dY/dQ . Second, assuming no price changes occur
information can be collected on dA /dQ, and dX/dq, , the substitution of
activities and expenditures which Secuts in resp&hse to a change in
environnental quality. From these data one can inpute a narginal wllingness
to pay. Third, assuming all prices but one are invariant, the change in the
single remining price, dp_, can be used to inmpute environnental benefits. O
the three approaches, the one which requires the fewest a priori assunptions
and mniml data collection is the first, contingent bids derived utilizing
survey instruments. However, serious questions of possible bias remain. The
next section discusses possible biases in the survey questionnaire approach

CONTI NGENT VALUATI ON AND BI AS

Economi sts have argued that val uing public goods through a direct demand
reveal ing process such as a contingent market would yield biased results. The
principle theoretical support for this contention is the possibility of
strategic bias. However, as survey techniques to elicit contingent behavior
or bids have come into use--in part because devel opment of energy resources in
formerly pristine environments allows no other techniques to be used-- other
types of bias have come to be regarded as just as important. These include
information bias, instrument bias, hypothetical bias and traditional problens
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of sanpling, interviewer, and non-respondent bias. This section reviews our
current understandi ng of such biases

Strategic Bias

Begi nning wi th Samuelson's sem nal work on public goods, it has been
supposed that dirett revel ation of consuner preferences for such goods--and,
of course, environnental quality is a public good--would be inpossible
[Samuelson (1954)]. In particular, the free-rider problemwould give indivi-
dual s incentives to nmsstate their preferences. For exanple, if nearby resi-
dents were asked how nuch they were willing to pay to clean up the air near a
power plant and if they suspected that control costs would be borne by con-
sumers and owners el sewhere, local residents would have an incentive to over-
state their willingness to pay. On the other hand, if residents suspected
that they would be individually taxed an anount equal to their own willingness
to pay, then a clear incentive would exist to understate their own true val ue,
hoping that others would bid nore.

Each approach for eliciting willingness to pay will potentially generate
its own bias. Thus if recreators are told that the average of their bids to
prevent construction of a nearby power plant will be used to set an entrance
fee, those individuals who suspect their bid to be greater than the average
bid will have an incentive to overstate their wllingness to pay. They, in
fact, have an incentive to raise the average bid as close as possible to their
own true bid. In other words, individuals will have incentives to msstate
their own preferences in an attenpt to inpose their true preferences on
others. This will require a substantial anount of information to actually
behave in this manner [See Brookshire and Eubanks (forthcoming (a))]. O
course, if the respondents to such a survey do not believe the survey will
have any inpact on policy or outcones, then no incentives for bias exists. The
hypot heti cal nature of such surveys may then, in actuality, aid in eliciting
bi ds which are not strategically biased. Aternatively, since payment is not
required, a tendency to exaggerate willingness to pay for a preferred outcone
m ght al so exist.

Empirical evidence thus far does not support the existence of strategic
bi as anong consuners. Bohm (1971) in an experimental approach utilizing
actual payments for public television failed to find strategic bias signifi-
cantly affecting the outcome. Scherr and Babb (1975) utilized three different
mechani sms for valuing public conmodities and found little evi dence supporting
the existence of strategic bias. Smth (1977) in |aboratory experinments al so
failed to find strategic bias “as a significant problem The case studies to
be reported in the next section, where tested for, also do not find strategic
bias to be a problem
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[nformati on Bias

Since contingent behavior or valuation is hypothetical, it is clear that
answers obtained through surveys are not based on information simlar to that
whi ch woul d apply if consuners based answers on real expeg ences. (One is an
ex ante response while the other is an ex post statement. Typi cal Iy,
consunmers do reeval uate decisions on the basis of experience and gai ned know
ledge. Thus, an individual or household mght respond to a hypothetical de-
crease in environmental quality at one location with a |ow bid, thinking that
other nearby sites would make good substitutes. However, in a real situation
the individual mght have found that other sites involved nore travel costs
and were less satisfactory than imagined. The information presented to the
respondent in a survey situation relating to substitution possibilities and
alternative costs may well change the stated willingness to pay relative to
other types of information. Thus information bias can refer to the structural
content of the contingent market being different than the val uation problem at
hand. That is, the respondent nust be made aware of proposed alternatives in
ternms of quality or quantity. Oher variants of information bias m ght
include giving the respondent information as to how ot her respondents behaved,
whether in the aggregate their bid was sufficient to achieve (or not achieve)
the stated goal (i.e., possibly prevention of visibility deterioration) or
alternative sequencing of questions

[ nstrunent Bias

Related to information bias is instrument bias whereby characteristics of
the mechanism for obtaining wllingness to pay possibly influence the outcone.
Two characteristics of the survey bidding approach are vehicles for paynent
and a starting point for initiation of the bidding process. Studies have
recogni zed that the mechanismused to collect the bid or pay conpensation may
influence its magnitude [Randall, et al. (1974a)]. That is, if the recreator
pays a higher park entrance fee rather than another type of tax, his bid for
an environmental attribute nmay differ. From economc theory, the bid should
differ, if the price of the conmodity represented by the bidding vehicle
changes, provided the recreator’s substitution possibilities associated with
alternative payment mechanisms are different. Wen a payment vehicle allows
the individual to substitute over a wider range of current commodities
pur chased, then the bid should be higher or conpensation |ower than where the
range is smaller. Ideally, the bid or conpensation should be related to
adj ustnents in disposable income or wealth, where the individual has the
greatest latitude for potential substitution. Practically, however, a
bel i evabl e payment mechanismrelated to incone adjustnent, in general, cannot
be applied. For exanple, surveys are often taken at recreation sites away
fromthe individual's locale or state. In this case, a wage tax may not be
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viewed as realistically payable by the recreator. Thus, there is a tradeoff
bet ween accuracy associated with a less than ideal nethod of paynment and the
believability of the vehicle for payment or conpensation. The reduction in
substitution possibilities for a nore believable paynent mechanismis likely
to reduce the contingent expenditure or increase the conpensation estimate.

A second type’ of instrument bias is starting point bias. The contingent
val uation approach comrences with questions on payment (and/or conpensation)
for hypothetical changes in environmental attributes. Contingent bidding sur-
veys to date have asked the recreator (or any type of interviewee) a question
with a “yes” or “no” answer rather than a question requiring explicit cal cu-
lations [See Randall, et al. (1974a), Brookshire, et al. (1976)]. It is pre-
suned the recreator can nore accurately respond to the yes/no question frame-
wor k, although to our know edge, this proposition has not been formally tested
for individuals responding to contingent valuation questions. Gven the pro-
position that yes/no responses are desirable, often a starting bid or minimal
| evel of conpensation has been suggested. The potential bias arises in sug-
gesting a starting point fromat |east two possible sources. First, the bid
itself may suggest to the individual the approximte range of “appropriate
bids.” Thus the individual may respond differently depending on the magnitude
of the starting bid. Second, if the individual values time highly, he may
become “bored” or irritated with going through a |engthy bidding process. In
consequence, if the suggested starting bid is substantially different fromhis
actual wllingness to pay, the bidding process nmay yield inaccurate or only
roughly approximate results. The effect of these two types of starting point
bi ases may substantially influence the accuracy of contingent valuation and
therefore the useful ness of this approach for assessment of environmenta
preferences.

Hypot hetical Bias

The discussion on information bias suggested that the contingent valu-
ation approach will give answers dependent upon the information or “state of
the world” described. The contingent valuation approach requires postulating
a change in environmental attributes such that it is believable to the indivi-
dual and accurately depicts a potential change. The change nust be fully
understandable to him i.e. , he nust be able to understand nost, if not all,
of its ramfications. The individual also nust believe that the change m ght
occur and that his contingent valuation or behavioral changes will affect both
the possibility and magnitude of change in the environmental attribute or
quality. If these conditions are not fulfilled, the hypothetical nature of
contingent valuation approaches will make their application utterly useless.

A test of hypothetical bias would require that the perturbation proposed woul d
occur and then the respondents actual reaction would be evaluated in terns of
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the previous hypothetical statements of willingness to pay. This, however
makes it extrenely difficult to measure the extent of hypothetical bias wthin
a contingent experinment since it depends not only on the structurg of the

experiment, but also on the “uncontrolled” factors of the future.

O her Bias

Any survey approach, including the contingent valuation approach, is
subject to sanpling bias, non-respondent bias and interviewer bias. Any of
these certainly can subject the results of an experiment to question even if
all previously nentioned bias are non-existent. Gven the acknow edgement of
these biases, we will not discuss themin detail here given their w de recog-
nition in the survey literature. However, in discussing the case studies in
the next section, the possible existence of these biases will be discussed in
each study, where the information is available.

VALUI NG ENVI RONMENTAL QUALI TY: RECENT CASE STUDI ES

There have been numerous efforts to apply a variety of techniques for
val ui ng non- mar ket ed goods; public television {Bohm (1971)]; land-form alter-
ations due to strip mining [Randall, et al. (1978)]: air pollution-induced
heal th effects [Loehman, et al. (1979)]; wildlife [Hammack and Brown (1974),
Bi shop and Heberlein (1979)]; water pollution {Gramlich (1977)]; presentation
of river headwaters [0'Hanlen and Sinden (1978) and Sinden and Wckof f
(1976)]; urban infrastructure allocations for expenditures and taxes [Strauss
and Hughes (1976) and Cunmings et al. (1978)]; airplane safety [Jones-Lee
(1976)]; and recreation [Davis (1963)].

This section will summarize in chronol ogi cal order six studies which have
in common the use of a survey technique which had its first enpirica
application by Randall, et al. (1974a,b). (The Randall, et al. study was the
first systematic presentation and enpirical inplenentation of the contingent
bi ddi ng survey approach which set the stage for further inquiries.) Tracing
t he methodol ogy devel opnent which has occurred through these six studies aids
in understanding issues relating to bias problems, replication issues and
net hodol ogi cal cross checks. The |ast study discussed, the South Coast Air
Basin Experiment, addresses the question of validation of the contingent mar-
ket approach by direct conparison of contingent results with a hedonic--narket
data based- st udy.

The Four Corners Experinent

The Four Corners Experinent [Randall, et al. (&974a,b)] represented the
first enpirical application of the survey approach. The roots of the effort

15



can be traced to Davis (1963) and Bohm (1971). The focus of the study was to
investigate the inpacts of Navajo coal strip mne and the Four Corners el ec-
tric generating plants in the Southwest region. Specifically, aesthetic ben-
efits of abatement of environmental damage resulting fromair pollution (visi-
bility), power lines and land disturbance fromnmning activities were esti-
mated. As such, the study laid the framework for future contingent valuation
studi es. o

The anal ysis focused on the design of survey instrunents exploring
alternative mechanisms within the instruments for eliciting willingness to
pay. No bias tests (i.e., hypothetical, information, instrument, interviewer,
non-respondent sanpling bias tests) were formally reported.

The Lake Powel | Experinent10

Lake Powell, with an annual visitation now approaching two mllion
visitor days, is an excellent exanple of the tradeoff between preservation and
devel opnent.  The | ake was forned by the filling of Gen Canyon but retains
the steep cliffs, rugged terrain features, and scenic vistas one associ ates
with the Grand Canyon, and is now accessible to pleasure boaters and ot her
recreators. Construction of the Navajo coal-fired generating station |ocated
at the southern end of Lake Powel | was conpleted in 1976. Another |arger
plant, the Kaiparowitz Project, was al so proposed for construction near Lake
Powel | and becane an issue of substantial public concern

As part of the Lake Powel | experiment, during the sumver of 1974,
recreators at Lake Powel| were interviewed in an attenpt to determne the
aggregate willingness to pay to prevent construction of the proposed
Kai parowitz plant [See Brookshire, et al. (1976)]. Photographs of the
exi sting Navaj o power plant which all of the recreators had seen stacks remain
visible nore than 20 mles up the | ake were shown to recreators both with
visible pollution emanating fromthe stacks and with the stacks al one.
Recreators were then asked what entrance fee they would be willing to pay to
prevent construction of another simlar plant, first, where only pollution
would be visible fromthe |ake itself, and second, where both stacks and pol -
lution would be visible.

The analysis of the data focused on strategic bias. As noted above, if
recreators believed that a uniformentrance fee mght actually be set on the
basis of the average bid of the sanple to prevent construction or believed
that construction plans mght be affected by the research results, then
“environnental ists” mght well bid very high, agi “devel opers” mght well bid
zero dollars in an attenpt to bias the results. A theoretical nodel of
strategic bias was constructed to explain the distribution of observed bids
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which would likely be bimodal rather than nornmally distributed if strategic
bias was present. The fact that the actual distribution of bids was normally
distributed was thus taken as evidence that strategic bias was not present.

It was suggested by Brookshire, et al. (1976), that the absence of strategic
bias mght be due to the hypothetical nature of the experinent--few
respondents felt that their answers would affect real world outcones

Hypot hetical, information and instrunent bias were not addressed in this
experiment. Experinental biases such as interviewer, non-respondent bias and
sanpling bias did not appear significant. The interviewers taken separately
had neans and a distribution of bids that corresponded to the sanple popul a-
tion as a whole. In sanpling which was randomy conducted for the four prin-
cipal users of Lake Powell, on the lake, in canmpgrounds, at notels and in the
town of Page, the highest refusal rate for residents was |ess than one
percent .

The renminder of the research was devoted to specifying an econonetric
nodel of the bidding game results to estimate income effects by groupre-
creators were divided into four categories, devel oped and renote canpers, and
visitors to and residents of the nearby town of Page, Arizona. Al though the
effect of individual incone by group on bids was statistically significant at
| east 99% | evel, the income effects were all very small. It was denonstrated
that both theoretically and enpirically the small income effect inplied: (1)
that a conpensated surplus measure would not differ practically fromthe equi-
val ent surplus nmeasure used in the experinent; and, (2) that incone redistri-
bution between groups would not significantly affect the aggregate bid.

The average bid per famly or recreator group was $2.77 in additiona
entrance fees in 1974 dollars, and the total annual bid--which can be inter-
preted as an aggregate marginal willingness to pay to prevent one additiona
power plant near Lake Powell--was over $700,000. An inportant point is that
the results show i npressive consistencies both with the one previous study
[Randal |, et al. (1974a)] in the region as well as with the succeeding
Farm ngton experinment discussed bel ow.

The Farmington Experi nent 12

This study reported in Blank, et al. (1977) and Rowe, et al. (1980)
attenpted to establish the econonmic value of visibility over |ong distances
for Farmington residents and recreators at Navaj o Reservoir. Cearly, the
ability to observe long distances is alnost a pure public good. In addition
efforts were made to examine the extent of certain biases which the Brookshire
et al. (1976) study identified. These were information, strategic, starting
poi nt, and instrunent biases on conpensating and equival ent surplus neasures
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of consumer surplus

Recreators and residents in the Four Coners Region of New Mexico and
Arizona were interviewed. The interviewee was shown a set of pictures de-
picting visible ranges. Picture set C had a visible range of 25 mles and
picture sets B and A were 50 and 75 niles respectively. The pictures repre-
sented viewsin different directions fromthe same |ocation, the San Juan
Mount ai ns and Shiprock.

The first part of the experinmental bidding game was structurally simlar
to that of Randall, et al. (1974a,b) and Brookshire, et al. (1976). A
sequence of questions on maxi mumwi | |ingness to pay and m ni mum conpensati on
were asked via a survey instrunent. The second nethod followed that of Rosen
(1974), Muellbauer (1974), and Hori (1975) in attenpting to utilize the house-
hol d production function. The motivation was to attenpt a nethodol ogi ca
cross check by collecting market type information via a survey instrunent.
The contingent behavior conponent of the questionnaire attenpted through con-
tingent changes in time allocation to infer an expenditure function and com
pensated demand curve, primarily by postulating an exact formof a utility
function and estimating a time related househol d technol ogy [Blank, et al
(1977)]. Thus, the first approach bidding gane was an attenpt to measure the
ri ght-hand-si de of equation (4), while the second contingent behavior based on
contingent behavioral changes, attenpts to neasure the conponents of the
right-hand-side of equation (5). These estimates fromthe contingent bidding
and contingent behavior portions of the experiment are not directly conparable
because the contingent behavior estimates include residents in addition to
recreators which shoul d increase the magnitude of the estinate.

As part of the contingent bidding approach, direct tests were made for
strategic bias, information bias, and instrument bias. First, for strategic
bias investigation, the survey instrunent was structured so tle_jndividual was
told that he woul d have to pay the “average” bid, not his own. The
presunption was that if his bid were below the nean bid provided by the inter-
viewer and he desired to increase the magnitude of the final aggregate bid
strategically, he would bid higher in order to shift the final bid upward.
Alternatively, if his goal in bidding strategically was to reduce the fina
nmean bid, he would revise his bid downward. Only in the unlikely case when
the individual’s maximumbid is identical to the nean bid would there be no
incentive for the individual to change. In only one case was an individua
observed acting strategically and he turned out to be an econom cs professor
fromthe local Junior College! This additional indication along with the
results of Brookshire, et al. (1976) suggests that individuals generally do
not act strategically, at least in a neaningful manner to bias the outcome of
the results
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For information bias, it was suggested to the individual that his or her
bid was too low-that the bid was not sufficient to keep power plant em ssions
at present levels for sustained high quality anbient air. The individual was
then asked if he or she would revise the bid. Fully one-third revised their
bi d when confronted with the possibility that their bid was insufficient.

This latter result is indicative of the effect that new information possibly
has on bi ddi ng behavior.

Anal ysis was made of various forms of instrument bias, essentially trying
to establish influences of various aspects of the contingent market structure.
It was observed that the higher the starting bid suggested by the interviewer,
the higher the maxi numwillingness to pay (equivalent surplus) estimates
derived fromthe study. Thus, if the interviewer suggested a bid of $1.00
hi gher, on the average, individuals would “bid" about $.60 nore. Also,the
choi ce of method of payment influenced the magnitude of the bid significantly.
Individuals were willing to bid higher when confronted with a “payroll tax”
than with an increase in entrance fees. Finally, it was observed that whether
or not the individual was given previous information on average bids, has a
substantial inpact on the maxinum bid. W do not w sh to suggest these
results indicate any final conclusions with regard to the information bias
problemwi th the contingent valuation approach, but they are suggestive that
for these approaches to be accurate, one nmust be very careful with the
instrument used for payment and the amount and quality of information given to
the interviewee upon initiation of the interview

Qther potential biases--sanpling, non-respondent bias and interviewer
bias--are also of interest. The sanple design attenpted a stratified sanple
with respect to household income, ethnic background, age, sex and resident/
nonresident. After identifying nei ghborhoods with certain characteristics and
tinmes of day appropriate for finding nales and fenmal es at hone, two approaches
were utilized in obtaining interviews: randomy going door to door and
tel ephoning to set up an interview time. A significant non-respondent bias
m ght exist for the Farmngton resident interviews. Up to 75% of the phone
call requests for an interview were rejected and up to 50% of the door to door
requests were declined. However, for the recreators’ interviews at Navajo
Reservoir, less than 5% of the requests for interview ng were declined. Wy
this disparity for responses between residents and recreators is not known.
Finally, no records were kept that woul d enable an investigation of
interviewer bias.

It is interesting to conpare results of the Farmington study with pre-
vious studies. Randall, et al. (1974a) only reported, and Brookshire, et al.
(1976), only obtained equival ent surplus bids. The follow ng conparisons
which are presented in Table 1, are, therefore, linmted to the equivalent
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Table 2.1
COMPARISON OF RESULTS FOR a
SOUTHWEST VISIBILITY STUDIES

ot

Non-Market Valuation Public Vehicle Yearly Mean
Studies Good Employed Bids Bid Per Day
1. Four Corners Experiment Visibility Sales $85° $50 (NA )f(Sl;79)d
(A. Randall, et. al., Spoil banks Tax [4,3119  [3.02] [.19]
197ha,b) transmission

lines (Aesth-
etics of the

above. )

2. Lake Powell Experiment Visibility Access N/A N/A $2.,95b ($1.52)
(D. Brookshire, et. al., (Aesthetics fee {.20] {.29]
1976) only)

3. Farmington Experiment, Visibility Uti|ity .582 $57 $2.44S (N/A)
(F. Blank, et. al., 1977 (Aesthetics bills or [9.10] [4.63] [.23]
and Rowe, et..?]. , 1980) only) wage tax

‘The Four Corners Experiment and the Lake Powell Experiment only obtained equivalent surplus
bids, thus comparisons between studies are limited to sub-samples of the data sets from each study.

bAdjusted for 6. 6% inflation.

CMean bid for $1.00 starting points in the Farmington Experiment which is the starting point used
in the Lake Powell Experiment.

d . . . .
The comparison between the Four Corners Experiment and the Lake Powell Experiment required
different comparisons with the Fa.mington Experiment.

‘The comparisons between the Four Corners Experiment and the Farmington
Experiment is for two alternative levels of environmental quality changes.

f .
N/A - No comparison can be constructed.

‘Standard errors in [ ].



surplus bids. Using the sales tax as thenin trument, Randall, et al. (1974a),
reported yearly mean bids of $85.00 [$4.31] ! for noves from the highest |evel
of environmental damage, situation (A), to situation (C) representing |owest
level s of environmental damage; situation (B) represented an internediate

| evel of damage. A yearly nean bid of $50.00 [$3.02] per househol d was
reported for moves from situation (B) to situation (C). The Farmington
experinent yearly nean bids for the most conparable situations were $82. 20
[$9.10] and $57.00 [$4.631. If one considers that the Randall, et al. (1974a)
figures shoul d be higher as respondents are al so bidding on soil banks and
transmssion lines, these figures are conparable.

The overall nean for situation (A) (good visibility) to (C (poor visi-
bility) in the Lake Powel | Experinent, [Brookshire, et al. (1976)], was $2.77
[$.19] per day. Adjusted for the 6.6%inflation between the tine periods of
the studies, these values become $2.95 [$.20]. The overall nean for recrea-
tionists for the conparable situation in the Farmington Experinent was $4.06
[$1.111, which is considerably different. However, the nean bid was $2.44
[$1.23] when $1.00 starting bids were used in the Farmington Experinent, which
corresponds to the Lake Powell starting bid. Thus, while still statistically
different, for the same starting bids, the results are nuch closer. The
Farm ngton Experinent, while not designed as a replication, denonstrated
reasonabl e consistency with other studies. Finally, a conparison of values
for simlar subsamples between the Four Corners and the Lake Powel |
Experiments, respectively of $1.79 [$.19] and $1.52 [$.29], also suggest
consi stency.

The Geot her mal Experimant15

The Jemez Mountains of New Mexico are both scenic--characterized by
col ored rock outcropping and forest areas--and a major recreation resource
with fishing, canpgrounds, hiking trails, and hot springs all located on U S.
Forest Service lands. However, the Jemez Muntains also contain one of the
maj or geothermal resources in the Southwest. Geothernal |eases have been |et
by the U S. Forest Service on land which is now used solely by recreators.

Both a contingent bidding and a contingent site substitution approach
were used to estimte environmental damages to recreators from possible geo-
thermal devel opnent [Thayer (forthcoming)]. Recreators were shown both photo-
graphs of geothermal devel opment in simlar nountainous terrain and a map of
the location of possible devel opment relative to recreation areas. Noise
|l evel s and enission characteristics were described in detail. A bidding gane
was then conducted using a uniformentrance fee as the vehicle to prevent
devel opment.  Additionally, respondents were asked to indicate what their con-
tingent recreation plan would be (what sites would they visit including new
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substitute sites and how often) if developnent were to occur. The subsample
whi ch responded to the site substitution question, was then al so asked what
they would bid in the formof a uniformentrance fee to prevent devel opnent.
Finally, starting point for the bidding ganme was varied from $1.00 to $10.00
in various subsamples. Thus, the study was structured to test: (1) if con-
tingent bidding and site substitution results were consistent; (2) if infor-
mation on alternative mew substitute sites would affect bidding results; and
(3) for starting point bias.

A set of theoretical nodels were constructed to estimate a consistent
measure of willingness to pay to prevent devel opment fromtwo nmeasures: (1)
the contingent valuation bidding and; (2) additional travel costs associated
with alternative recreation plans. This was an attenpt at a nethodol ogi ca
cross check

The interviews were conducted randomly anongst recreators in the Jemez
area. It is not known if this resulted in sanpling bias. A sinple distribu-
tional analysis of the data indicated no interviewer bias.

More surprising, however, were the results for information and starting
point bias experinents. Neither bias was statistically significant. The
obvious question is: Wy are these results different fromthose of the
Farmington Experinent, which indicated that both information and starting
point would likely be serious problens? The best explanation that can be
given at this point is that the value of the change in environmental quality
proposed in the two studies was nore precisely perceived by respondents in the
Geot hermal Experinent than in the Farmington Experinment. In other words,
respondents coul d nore easily relate the costs to themselves of “losing,” in
part a recreation area than they could deternmine the costs of a change in
visibility.

The results of the experinent were as follows: thirty-two percent of the
respondents indicated they would no [onger visit the Jemez area if devel opnent
occurred. This resulted in about a 40% contingent decrease in visitation
About 65% of the respondents indicated they would visit alternative sites nore
frequently, usually the Pecos Forest area. Bids averaged $2.54 per visitor
party day while the site substitution measure yielded a range of $1.852.59
dependi ng on the assuned driving cost per mle. The results appear to be
consistent for the two approaches and inply an annualized aggregate bid to
prevent construction of about $300,000 for a 50 megawatt plant.

The Wldlife Experinent16

Through contingent bidding and site substitution approaches, this study
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attenpted to devel op a nmethodol ogy for valuing wildlife experiences. The

val uations were devel oped to enable policymakers to judge which sites shoul d
be reserved from energy devel opments so that energy devel opnent woul d not ser-
iously inmpinge on wildlife. Hunters and wildlife observers were queried as to
their willingness to pay for “encounters” with various types of wldlife
Encounters was chosen as the variable of perturbation. The hypothesis was
that ¢de more animals digitghted the greater the satisfaction from the hunting
experience. The species exam ned were elk, cottontail, coyote, grizzly
bear, bighorn sheep, trout, dipper, and brown creeper. The assumed utility
function had as argunents the nunber of encounters and length of activity.
Thus, the study attenpted to nmeasure both the left and right-hand-side conpo-
nents of equations (4) and (5). Prices for purchase of private goods for the
hunting, fishing, or observation experience were presumed to be constant,

whi ch appears, except for inflationary factors, to be a reasonabl e assunption
A wide variety of surveys were tested utilizing alternative formats and struc-
tural conponents

A type of instrument bias was observed in that bids were recorded through
license fees, access fees, and utility bill adjustments, but difficulties were
encountered in convincing sone respondents that conpetition between energy
devel opment and wildlife herds would be sufficient reason for utility bil
adjustnents.  Starting point bias was tested for, but was not found to
substantially affect the bids on species commonly hunted. Thus, this
experinent appears to substantiate the conparison between the Geothernmal and
Farmington Experinments which led us to propose that the nore clearly identi-
fied the change in the environmental attribute is, the |ower the probability
of starting point bias.

Sampling was carried out in Laramie, Wom ng, drawing from hunting and
fishing license lists provided by the Woning Gane and Fish Department. Add-
resses were drawn randomy from the lists. Refusals by individuals to
actually participate in all parts of the study was about 9%

Interviewer bias was not present at the .05 level of significance. Yon-
response rates to individual bidding games where an individual permtted an
interview but refused to play a particular bidding game under the stated rul es
ranged from 2% for willingness to pay ganmes to 30% for some wllingness to
accept conpensation ganes

Results indicate that, for elk, the average willingness to pay equival ent
surplus measure is $54.00 per year to increase expected encounters (i.e. ,
sightings) from1to 5 per day for elk hunting in Woning. The average will-
i ngness to accept conpensating surplus measure for a reduction of 5to 1 en-
counters per day of elk was $142.00. Some private clubs which specialize in
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el k hunting in Wom ng charge entrance fees ranging from $85.00 to $150.00 per
year, roughly in the range of the conpensating surplus measure for elk en-

counters obtained though the contingent val uation approach

Before turning to the last case study, we would like to discuss an issue
that has arisen in enpirically inplementing contingent bidding games. The
issue that continually arises is the observed differences between wllingness
to pay (WP) and willingness to accept (WTA) measures of welfare change.
Willig (1976) derivedl onditions that suggest upper and |ower bounds exi st

bet ween the measures. However, Gordon and Kmetsch (1979) suggest that WP
and WA differentials are, in fact, substantial. Enpirically to date the
results have been mixed. In the Four Corners Experinent [Randall, et al.

(1976b)] it was noted that “the nunber of ‘infinity’ responses is striking"
and that WA answers “generally exceeded the willingness of respondents to pay
for environmental inprovenent.” It is suggested that this was not indicative
that no amount of conpensation was sufficient, but that abatenment by the
energy industry mght be preferred. The Lake Powel| Experiment [Brookshire et
a.(1976)] derived a WA neasure from WIP responses and found the neasures to
be close. The Farm ngton Experiment [Blank, eta.(1977) and Rowe, et al.
(1980)] again directly asked conpensating neasures, finding the WIP and WA
neasures statistically different. Over 50% of the respondents in the Farming-
ton study either refused to cooperate or bid infinity. Finally, the Wldlife
Experiment [Brookshire, et al. (1976) and Brookshire, et al. (1980)] wutilized
different formats for obtaining WIP and WA neasures of consumer surplus.

Again the results were statistically different. However, when the WA
measures were derived, simlar in context to Brookshire, et al. (1976) the

val ues were statistically the sane.

VWhat concl usions and expl anations can be given for the above results?
Di fferences between a WIP and WIA wel fare neasures potentially could be due to
income constraint consideration, differing property rights structures, failure
of the respondent to relate and be able to respond to the contingent market
presented, and/or protest “votes” based on ethical considerations. To date
we know of no experinent that has been perforned to attenpt an explanation or
identify which of the above reasons mght be correct.

The South Coast Air Basin Experinent19

In some Los Angel es nei ghborhoods, deterioration in air quality has been
slight, e.g. , comunities adjacent to the Pacific Ccean, while in others, the
deterioration has been relatively severe, as nmeasured by concentrations of NOX
or total oxidants.

The previous case studies reported here, while internally consistent,
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failed to provide a nethodol ogical cross check wactual market data. Thi s
experinent, in contract, attenpted to conpare both the |eft-hand-side (contin-
gent bid) and right-hand-side (hedonic neasure of equation (8)). Thus, both a
traditional property value study and a contingent val uation were conducted in
an attenpt to determine if people will actually pay (as exhibited by property
val ues) what they say they are willing to pay. Finally, site substitution
information pertaining to activities, location, duration, frequency and ex-
penditures was collected as well

A shortcomng of the visibility case studies discussed earlier was the
potential confounding between health effects of air pollution and aesthetic
effects. The contingent bidding and substitution approaches enployed in this
experiment attenpted to value each of these components separately. Aesthetic
consi derations were represented by alternative levels of visibility, acute
health effects by eye irritation and chronic health effects by reduction in
life span. Additionally, the popul ation of the South Coast Air Basin has be-
come well informed through the years of the causes of air deterioration, the
potential effects, and scope of the problem Thus in valuing the non-market
good , “air quality,” the experinent was conducted with reasonably well devel-
oped market information for individuals.

In order to insure conmparability of results and aid in aggregation, six
pairs of nei ghborhoods were selected at the census tract |evel. The pairings
were nmade on the basis of simlarities of housing characteristics, socioeco-
nom c factors, distance to beach and services, average tenperature, and sub-
jective indicators of the “quality” of housing. Thus, for each of the six
pairs, an attenpt was made to exclude effects on property values of factors
other than differences in air quality. Each of the nethodol ogies were inple-
nented in the paired areas. The bidding game was conducted by randonly
choosing hones within the paired areas. The air quality levels for the paired
areas were determined using nonitoring station data in the South Coast Air
Basin. Focusing on total oxidants, nitrogen dioxide and total suspended par-
ticulates, isopleths were constructed for each pollutant. This alloved
“good, “ “fair,” and “poor” air quality regions to be designated for purposes
of the experinent.

Thedata for the property value study, obtained fromthe Market Data
Center, pertained to 719 hones sold in the 12 paired communities from
January, 1977 to March, 1978 (note the interview ng was conducted during the
latter part of this tine interval) and contains information on nost inportant
structural and/or quality attributes. Thus, the data was nmicro level in
detail and yielded valuation estimates at the household |evel. The property
val ue anal ysis enconpassed three separate, and increasingly conplex
approaches. First, a conparison of average housing values in the sanple paired
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comuni ties, standardizingonly for living space was conducted. Second, a

| inear relationship between a hone's sale price and its supply of housing and
community attributes was estimated. The value of an inprovement in air

qual ity was then deduced fromthe resulting hedonic housing val ue equation
Third, follow ng Harrison and Rubinfeld (1978), a hedonic housing equation
allowing for nonlinearities was estimated from which the willingness to pay
equation, as a function of incone and other househol d variables, was again
estimated. This last procedure partly overcomes sone of the strict
assunptions of the more sinplistic approaches such as identical preferences of
al | individuals.

The contingent bidding and site substitution data of the experinent were
collected via a survey questionnaire. The survey questionnaire yielded
val uations by individual for aesthetic and health effects. The survey ques-
tionnaire was designed to test for strategic, information and starting point
bi ases. The postul ated change in air quality was represented both through
regi onal maps showi ng good, bad and fair air quality areas as-well as by
phot ographs showing typical visibility levels. Two specific forms of infor-
mation bias were investigated via a health panmphlet. The health panphl et
attenpted to deternmine for a subsample of the respondents if detailed in-
formation about health effects would affect bidding and substitution behavior.
Strategic (as in Brookshire, et al. (1976)), information and instrument bias
were not statistically significant influences upon the results. Also
interviewer bhias was not present. No records were kept that woul d enable the
testing for nonrespondent bias.

Accounting for factors such as distance to beach and differences in
preferences, the property value study gave an estinmated average bid of $40.00
per month per household for a 30%inprovenent in air quality. The bidding
results gave an average bid of slightly less than $30.00 per nonth.  Thus ,
reasonabl e conparability was obtained between the survey and property val ue
estimates. G ven various assunptions of l|ocation, income, aggregation by
areas, specific housing characteristics and know edge on health effects of air
pol lution, both the bidding game and property value studies yielded estinates
ranging from $20.00 to $150.00 per nonth per household for a 30% reduction in
air pollution. These results indicate that air quality deterioration in the
South Coast Air Basin has had substantial effects on housing prices and that
these negative price effects on housing are conparable in nagnitude to what
peopl e say they are willing to pay for inproved air quality.

CONCLUSI ON

The six case studies summarized above have shown some consistency in
results and hopefully further the evaluation of problens in structuring



contingent market experinents.

Table 2 presents a brief summary of the characteristics of each experi-
mnt. The range of environmental attributes valued is quite large--including
visibility, wildlife, health and noise. Four out of six attenpted sone in-
ternal nethodol ogi cal cross check, however, only the South Coast Air Basin
Experinent utilized an observed set of market prices for the conparison
Biases do not appear to be an overriding problem Strategic bias was not
observed in any experinent. Vehicle and starting point biases were highly
significant in the Farmngton Experiment. Starting point bias was not found
in any other study. Vehicle bias was significant in the Wldlife Experinent
A probabl e explanation for these results, which offers advice for future
experiments, is that the linkage within the contingent market between the
environmental attribute, institutional setting and the bidding instrument nust
be realistic and be accepted by the respondent or biased results will be
obtained. The studies further indicate the need to establish a precise
contingent market--the “good” nust be well defined.

Possibly the nost inportant result of the studies summarized here is the
replication of results utilizing a traditional property value study and a
contingent bidding approach. At least for this first test case, individuals
do appear to provide contingent valuations conparable to what actual market
behavior inplies they are willing to pay for an environnental attribute.

Finally, the studies reviewed in this paper are part of what has becone
an ongoing research tradition. It is thus worthwhile to place these efforts
in the context of other recent conparable research. First, both the
experimental research reported by Gether and Plott (1979) and that reported
by Smith (1977) supports the general conclusion that strategic bias in re-
veal ing consuner preferences is not likely to be a mmjor problem  Second, a
rather different attenpt at validation of a survey approach has recently been
conducted by Bishop and Heberlein (1979). A market for repurchasing hunting
permts was structured in a “bidding context” and the results are conpared to
a traditional travel cost nethodology. Since no simlar efforts have been
undertaken utilizing mail surveys and repurchasing plans, the research is not
directly conparable to that reported here, Bishop, et al. conclude, somewhat
pessimstically, that since their survey approach m ght overval ue or
underval ue goose hunting permts by as nuch as 60 percent and 55 percent
respectively, while the travel cost nethodol ogy underval ues by 67 percent,
that all of the available techniques show considerable bias and are thus of
limted use. We, rather, take an opposing position, and view these results as
quite encouraging for the following reason: In many cases, decisionmakers
quite sinply have absolutely no idea as to the econonic val ue of preserving
environnental quality. All evidence obtained to date suggests that the nost



Table 2.2
OVERVIEW OF NON-MARKET
VALUATION EXPERIMENTS

8¢

Environmental Methodol- Instrument  Biases
Non-Market Valuation Attribute Being 'glcal Cross Strategic vehicle Starting Information
Studies Valued Location Check Bias Bias Point Bias Bias
1. Four Corners Experiment Visibility, Four Corners No N/A® N/A N/A N/A
(A. Randall, et. al., spoil banks, Area, South
transmission west .
lines.
2. Lake Powell Experiment Visibility Four Corners No No N/A N/A N/A
(D. Brookshire, et. al. Area, South
1976). West.
3. Farmington Exceriment Visibility Four Corners Yes No Yes® Yes® Yes*
(F. 8lank, et.al., 1977 Area, South
and Rove et.ai . 1980). West.
4. Geothermal Experiment Noise,Land Jemez Moun- Yes No N/A No* No°
(M. Thayer, et. al., Disturbance. tains.
forthcoming).
5, Rocky Mountain Wild- Encoun: ers Wyoming Yes No Yes' No' N/A
life Experiment (D. with w 1dlife
Brcockshire, et. al.,
i577 and forthcoming).
6. South Coast Air Basin Visibi ity. Los Angeles Yes No No® oY No"
Experiment, (D. Brook- health Effects Region,
shire, et. al., 1530), California

:'uat Zvaileble - The experiment did notconsider either structurally or analytically this form of bias.
“stiwiyréc bias testswere defined in Brookshire,et.al. (1976). _
“Utilizingestimated bid curves the t ratios fOr these variables were respectively (3.05), (7 98) and (-4.54) where the vehicle

variable was O =utility bill, 1= payroll deduction; starting bid variable was either $1, , O $10 ancu information variable
was 0 = no prior information, 1 = prior information. See Rowe, et.al. (1980).

Utilizing an estimated bi d curve the t ratio was .689 on the startingpoint variable indicat ng no significant influence.
Infor-ation bias in this study pertained to whether the suggestion of alternative recreation citieswouldinfluence the bid.
Astandardr-testwasutilized with no statistical influence being observed.

A T-test was conductedvhere the hypothesis that the final value data was influenced by the bidding veh cle (starting bids) was
rejected.

‘A T-test was conducted whereby the acceptance of the hypothesis that the mean bids for all paired areas combined for different
bidding vehicles (starting points) are equal implies 1-a=.90 and higher.

Information bias in this study related to alternative sequencing of health and aesthetic information. ~he test was as in
footnote e.



readi |y applicable methodol ogies for evaluating environnmental quality--hedonic
studies of property values or wages, travel cost and survey techniques--all
yield val ues good to well within one order of magnitude in accuracy. Such
information, in our view, is preferable to conplete ignorance.
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REFERENCES

Maler (1974) has classified the possibilities for neasurement of environ-
mental goods or services into four broad categories: (1) asking indi-
vidual s what they are willing to pay; (2) voting on the supply; (3) in-
direct nmethods based on observations on the rel ationship between private
goods purchased and environmental goods; and (4) estimation of physical
damage and eval uation on the basis of observed narket prices. In this
paper, we analyze nethods only within Maler's categories (1) and (3).

In the recent literature, one approach within this set has been called
“bidding games,” [Randall, et al. (1974a); Brookshire, et al. (1976)].
However, because some types of responses are not bids but changes in
behavior, e.g., site substitutions or mninum conpensation, we prefer the
nmore general “contingent valuations” to identify the set of approaches
that directly query the individual for information in a series of hypo-
thetical situations on markets.

An alternative listing of explanations for bias and other problens is
given in D. Gether and C. Plott, (1979).

A detailed formfor the utility function conpatible with our arguments is
UG (O.. A, G (QZ’ A),. . -3 X). The G, can be concave increasing
functions for each'acti%/ity and inmply the utility function is weakl y

separabl e over |ocations or activities.

This is equivalent to the conmpensating variation measure of consuner
surplus where the initial level of utility is mintained. See, for
exanpl e, Mishan (1971).

See Brookshire and Crocker [forthcoming (b)] for a discussion of the role
of information in contingent markets and validity of the consuners
response.

One survey of air pollution in the late 1960's for Los Angel es which we

prefer not to cite asked the question “How nuch are you willing to pay
for less air pollution?” Cearly, this question is too vague and subj ect
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10.

11.

13.

14.

16.

omultiple interpretations as to the change in environnental attribute
Alternatively, a question “How nuch are you willing to pay for an annua
average reduction in oxidant concentrations of .10 parts per milliom in
the seven block radius around Hol | ywood Boul evard and Vine Street?” may
be too specific and not readily understandable by the interviewee. There
appears to be a fine line where the general public can fully understand
the question posed, yet the question is precise enough to be of scienti-
fic usefulness, i.e., be relatable to scientific nmeasures of environ-
nmental change

See Brookshire and Crocker [forthcomng (b)] for further discussion

V& present this extrenely brief summary of Randall’s work noting it was
the first effort, and to set the stage and focus the discussion for the
remaining case studies. See Randall et al. (1974a,b) for a conplete

di scussion of the results

This research was funded by the NSF-RANN Lake Powel| Research Project.

The average bid concept was introduced in the survey instrunent in the
followng manner; “Let’s also assune that all visitors to the area wll
pay the sane daily fee as you . . . .“ The use of the terms “environ-
mental " and “devel opers” is to distinguish two groups who night have

wi dely divergent preferences with respect to environnmental commodities.

This study was supported by the Electric Power Research Institute (EPRI),
Palo Alto, California to the University of Wonming. EPR does not assune
any liability for the conpleteness of research, or useful ness of the

resul ts.

For individuals to bid strategically to achieve a specific outcome when
the respondent knows everyone nust pay the final bidis extrenely diffi-
cult. For instance, all previous bids by others must be known, the
sanple size and if the individual is not the “last” bidder, then future
bi ds nmust be known. For nore discussion see Brookshire and Eubanks
[forthcoming (a)].

Standard errors in brackets. 15. The research reported here was
supported by a NSF grant entitled “An Economic and Environmental Analysis
of Solar and Geothermal Energy Sources.”

Portions of this study were funded by the U S. Fish and Wldlife Service

contract nunbers 14-16-0009-77-022 and 14-16-0009-77-003 with the
University of Woning and parts were sub-contracted to the University of
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17.

18.

19.

20.

Kent ucky.

For a conplete discussion of the study see Brookshire, et al. (1977) and

Br ookshire,

et

al . (1980).

Randal | and Stoll (1979)
surplus space.””

This study was supported by the U S. Environnental

EPA- 600/ 6- 79- 00O b.

The Market Data Center is a conputerized appraisal service centered in

Los Angel es,

Cal i fornia.

have refornul ated Willig's results from price to
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